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EU

(QSAR: Quantitative 

Structure-Activity Relationship) in vitro

2013 3

in vitro ARE (Antioxidant response 

element )-Nrf21 Luciferase Test Method ARE

ARE-Nrf2 Luciferase Test Method

Givaudan EURL ECVAM European 

Union Reference Laboratory for Alternatives to Animal Testing ESAC

 

ARE-Nrf2 Luciferase Test Method

Nrf2-Keap12-ARE pathway

 

LLNA:Local Lymph Node Assay 1/7

in vitro

KeratinoSensTM

Givaudan

 

5 1

GHS(Globally Harmonized System of Classification and Labelling of Chemicals) 1B

85

80  

80

80

 

                                                  
1 Nrf2 Nuclear factor (erythroid-derived 2)-like 2 
2 Keap1: Kelch-like ECH-associated protein 1 
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2000 μM  

KeratinoSensTM

LLNA  
 

1.  

OECD TG406 LLNA: Local Lymph Node Assay, 

OECD TG429 [3H-Methyl]-thymidine LLNA

RI ATP LLNA:DA OECD TG442A Bromodeoxyuridine

LLNA:BrdU-ELISA OECD TG442B OECD

in vivo  

EU REACH: Registration, Evaluation, Authorisation and Restriction 

of Chemicals QSAR: 

Quantitative Structure-Activity Relationship) in vitro

2013 3

 

Direct Peptide Reactivity Assay DPRA

human Cell Line Activation Test h-CLAT Myeloid U937 Skin 

Sensitization Test MUSST ARE-Nrf2 

Luciferase Test Method

EURL ECVAM European Union Reference Laboratory for Alternatives to Animal Testing

 

ARE(Antioxidant response element )-Nrf2 Luciferase Test Method

ARE

KeratinoSens™

KeratinoSens™

EURL ECVAM ESAC
1)  

JaCVAM ARE-Nrf2 Luciferase Test 

Method KeratinoSens™
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2  

OECD Adverse Outcome Pathway (AOP)

4 Key event 1)  

1)  

2) ARE-dependent pathway  

3)  

4) T  

ARE-Nrf23 Luciferase Test Method 2 Key event

Nrf2-Keap14-ARE pathway 1 1)  

 

1 Nrf2-Keap1-ARE pathway  

 

 

 

 

 

 

 

 

 

 

 

 

Nrf2-Keap1-ARE pathway Nrf2 Nrf2 Keap1 ARE

Nrf2 Keap1 ARE

Keap1

Nrf2 Keap1 DNA ARE

Nrf2-Keap1-ARE pathway  

ARE-Nrf2 Luciferase Test Method AKR1C2

1 ARE SV40

HaCaT

                                                  
3 Nrf2 :Nuclear factor-erythroid 2-related factor 2 
4 Keap1 : Kelch-like ECH-associated protein 1 
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Nrf2-Keap1-ARE pathway

 

 

3  

KeratinoSensTM

ARE-Nrf2 keratinocyte-based ARE-Nrf2 luciferase 

reporter gene KeratinoSensTM

OECD ARE-Nrf2 LuciferaseTest Method Performance Standard 2)

KeratinoSensTM

OECD 3) Annex 2  

 

3-1.  

ARE

KeratinoSensTM

2 4

25 80 90

4 3

1 96 10,000 cells / well  

 

3-2.  

 

DMSO 200 mM DMSO

40 mg/mL 4 W/V DMSO

12 0.098 200 mM

 

1 6  

Cinnamic Aldehyde CAS No: 14371-10-9, trans-3-Phenyl-2-propenal, 

trans-Cinnamaldehyde DMSO 200 mM DMSO

6.4 mM DMSO 5 0.4 6.4 

mM  

25

0.98 2000 μM
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4 64 μM DMSO 1%  

2 3

 

3-3.  

24 4 1 150 μL

50 μL 48

37±1 5 CO2 1

 

 

3-4.  

1) 2) 

3) 

Annex 3 3)  

20

50 μL 1 2

 

 

3-5.  

MTT

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, Thiazolyl blue tetrazolium 

bromide; CAS No. 298-93-1 4 37 5 CO2

MTT 10%SDS(Sodium Dodecyl Sulphate)

600 nm  

 

3-6.  

Imax 

1.5 50%

EC1.5 

50 30% IC50 IC30  

 

Fold induction 1

 

Fold induction  (Lsample Lblank) / (Lsolvent Lblank) 
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Lsample  

Lblank  

Lsolvent  

 

EC1.5 2 EC1.5

 

2 EC1.5 = (Cb Ca) × {(1.5 Ia) / (Ib Ia)} Ca 

Ca 1.5-fold induction μM  

Cb 1.5-fold induction μM  

Ia 1.5-fold induction fold induction 3  

Ib 1.5-fold induction fold induction 3  

 

Viability 3  

3 Viability = (Vsample Vblank) / (Vsolvent Vblank) × 100 

Vsample MTT  

Vblank MTT  

Vsolvent MTT  

 

IC50 IC30 4 IC50 IC30

 

4 ICx  (Cb Ca)×[{(100 x) Va} / (Vb Va)] Ca 

 

Ca μM  

Cb μM  

Va  

Vb  

 

1.5-fold induction

p 0.05

EC1.5  

 

3-7.  

3  

1) Cinnamic Aldehyde
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1 1.5  

2 Cinnamic Aldehyde EC1.5 7 μM 30 μM

2

64 μM Cinnamic Aldehyde 3 Fold induction 2 8

Cinnamic Aldehyde

 

3) 3 6 18 20

 

 

3-8.  

2 2 3 2

 

1) Imax 1.5  

2) 1.5

70  

3) EC1.5 1000 μM 200 mg/mL  

4)  

1 3

 1000 μM

200 mg/mL

1.33

1.41

 

 

4  

Givaudan 4)

 

 

4-1.  1  

7 Givaudan Procter&Gamble Beiersdorf Institute for 

in vitro science IIVS BASF 4

SOP  

GHS(Globally Harmonized System of Classification and Labelling of Chemicals) 1A

2,4-Dinitrochlorobenzene Citral GHS 1B Ethylene glycol 
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dimethacrylate 5 3

GHS 1B Hexyl cinnamic aldehyde 2 3 3

3 1 2

Chlorobenzene Methyl salicylate Sulfanilamide

3 1

 

 

 

1   

 

 

4-2.  2  

21 5 3

90.5% 1 90.5% 2 95.2%

3 95.2% 4 81.0%

DPRA 85 5 4

4 GHS

1B Eugenol Phenyl benzoate Diethyl phthalate

Sodium lauryl sulfate  

GHS 1A

11 1B 4

 

 

4-3. 2  

21 5 5 85.7%

DPRA

80  

 

Lead Lab.
Histolocal

Data
Lead lab. Lab.1 Lab.2 Lab.3 Lab.4

1 2,4-Dinitrochlorobenzene 97-00-7 1A 2 of 2 3 of 3 3 of 3 3 of 3 3 of 3 3 of 3
2 Citral 5392-40-5 1A 2 of 2 3 of 3 3 of 3 3 of 3 3 of 3 3 of 3
3 Ethylne glycol dimethacrylate 97-90-5 1B 2 of 2 3 of 3 3 of 3 3 of 3 3 of 3 3 of 3
4 Hexyl cinnamic aldehyde 101-86-0 1B 2 of 2 1 of 3 0 of 3 1 of 3 3 of 3 3 of 3
5 Chlorobenzene 108-90-7 No 0 of 2 0 of 3 0 of 3 0 of 3 0 of 3 1 of 3
6 Methyl salicylate 119-36-8 No 0 of 2 0 of 3 1 of 3 0 of 3 1 of 3 1 of 3
7 Sulfanilamide 64-74-1 No 0 of 2 0 of 3 0 of 3 0 of 3 1 of 3 0 of 3

No. Chemical Name CAS
GHS

potency
category

Positve with EC 1.5 up to 1000 M

16
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2   

 

 

5  

Givaudan 4) 21

GHS  

5 Sensitivity 89.3% Specificity 93.3%

Accuracy 90.5% 1

 86.7%  100%  90.5 2 3 93.3%  100%

 95.2 4  86.7%  66.7%  81.0  

Givaudan

92.9 ESAC

Givaudan 67  44 23

114 86 28
4) 67 86.4 82.6  85.1% 114 76.7

82.1 78.1 Natsch 5) 145  77%

 79%  72% 3 GHS 1A

 

 

 

 

 

Lead lab. Lab.1 Lab.2 Lab.3 Lab.4

1 2-Mercaptobenzothiazole 149-30-4 1A 3 of 3 3 of 3 3 of 3 3 of 3 3 of 3 Y
2 4-Methylaminophenol sulphate 55-55-0 1A 3 of 3 3 of 3 3 of 3 3 of 3 3 of 3 Y
3 4-Nitrobenzylbromide 100-11-8 1A 3 of 3 3 of 3 3 of 3 3 of 3 3 of 3 Y
4 4-Phenylenediamine 106-50-3 1A 3 of 3 3 of 3 3 of 3 3 of 3 3 of 3 Y

5
(5-Chloro)-
methylisothiazolinone

26172-55-4
1A

3 of 3 3 of 3 3 of 3 3 of 3 3 of 3 Y

6 Cinnamic aldehyde 104-55-2 1A 3 of 3 3 of 3 3 of 3 3 of 3 3 of 3 Y
7 Isoeugenol 97-54-1 1A 3 of 3 3 of 3 3 of 3 3 of 3 3 of 3 Y
8 Glyoxal 107-22-2 1A 3 of 3 3 of 3 3 of 3 3 of 3 3 of 3 Y
9 Methyldibromo glutaronitrile 35691-65-7 1A 3 of 3 3 of 3 3 of 3 3 of 3 3 of 3 Y
10 Oxazolone 15646-46-5 1A 3 of 3 3 of 3 3 of 3 3 of 3 3 of 3 Y
11 Tetramethylthiuramdisulfide 137-26-8 1A 3 of 3 3 of 3 3 of 3 3 of 3 3 of 3 Y
12 Cinnamyl alcohol 104-54-1 1B 3 of 3 2 of 3 3 of 3 3 of 3 3 of 3 Y
13 Eugenol 97-53-0 1B 1 of 3 1 of 3 3 of 3 3 of 3 1 of 3 N
14 Imidazolidinyl urea 39236-46-9 1B 2 of 3 3 of 3 3 of 3 3 of 3 3 of 3 Y
15 Phenyl benzoate 93-99-2 1B 0 of 3 0 of 3 0 of 3 0 of 3 1 of 3 Y
16 Diethyl phthalate 84-66-2 No 0 of 3 0 of 3 1 of 3 0 of 3 2 of 3 N
17 Isopropanol 67-63-0 No 0 of 3 0 of 3 0 of 3 0 of 3 0 of 3 Y
18 Glycerol 56-81-5 No 0 of 3 0 of 3 0 of 3 0 of 3 0 of 3 Y
19 Lactic acid 50-21-5 No 0 of 3 0 of 3 0 of 3 0 of 3 0 of 3 Y
20 Salicylic acid 69-72-7 No 0 of 3 0 of 3 0 of 3 0 of 3 0 of 3 Y

21 Sodium lauryl sulfate 151-21-3 No
3 at

cytotox,conc.
1 at

cytotox,conc.
1 at

cytotox,conc.
1 at

cytotox,conc.
3 of 3 N

90.5%(19/21) 90.5%(19/21) 95.2%(20/21) 100%(21/21) 85.7%(18/21) 85.7%(18/21)

Between
Laboratory

Reproducibility

Within Laboratory Reproducibility

No. Chemical Name CAS
GHS

potency
category

Positve with EC 1.5 up to 1000 M
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3 GHS 1A  

Chemical Cas no. 
GHS 

 

Imax 

20086) 20107) 20118) INVITTOX4)

Citral 5392-40-5 1A 9.8 96.4 22.3-104.4 96.4 

Tetramethylthiuram disulfide 137-26-8 1A ND 6.8 8.1-67.9 6.8 

Cinnamic aldehyde 104-55-2 1A 31.6 16.2 9.8-44.7 16.2 

2-Mercaptobenzothiazole 149-30-4 1A 10.9 8.8 4.9-64.1 8.8 

Glyoxal 107-22-2 1A ND 28.2 14.5-195.0 28.2 

Isoeugenol 97-54-1 1A 60.2 6.4 9.5-56.8 6.4 

1,2-Dibromo-2,4-dicyanobutane 35691-65-7 1A ND 4.0 2.1-7.8 4.0 

4-(Methylamino)phenol sulfate 55-55-0 1A 32.4 5.9 4.5-12.2 10.3 

1,4-Phenylenediamine 106-50-3 1A 12.7 26.8 19.4-45.2 26.8 

4-Nitrobenzyl bromide 100-11-8 1A ND 6.9 4.7-14.0 6.9 

1-Chloro-2,4-dinitrobenzene 97-00-7 1A 12.3 14.8 4.3-19.5 14.8 

5-Chloro-2-methyl-4-isothiazolin-3-one 26172-55-4 1A 7.2 7.2 4.8-13.5 7.2 

Oxazolone 15646-46-5 1A 2.3 2.4 6.4-46.3 2.4 

ND: Not determined 

 

6.  

Emter 6)

4

LogP 7

DMSO LogP 5

DMSO

Nrf2 pathway

P450

KeratinoSensTM HaCaT

3)  
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4  Emter  

 
 

7.  

96

KeratinoSensTM LLNA LLNA 1

10 KeratinoSensTM 1

12 3 1.3

1.5 LLNA

KeratinoSensTM

Givaudan

KeratinoSensTM

OECD performance standard 2)

 

1 12 42 1 3

ARE I max ARE EC1.5 ARE IC50 ARE I max ARE EC1.5 ARE IC50

Sensitizers Non-sensitizers    
Oxazolone 0.003 2.4 175.5 1370.9 Sodium lauryl sulfate var. 1.2 n.i. 44.7
Benzoquinone 0.01 15.2 6.5 104.5 Salicylic acid var. 1.1 n.i. >2000
(5-Chloro)-Methylisothiazolinone 0.01 7.2 8.7 7.1 Methyl salicylate var. 1.2 n.i. >2000
2,4-Dinitrochlorobenzene 0.05 14.8 2.5 8.2 Sulfanilamide NC 1.4 n.i. >2000
4-nitrobenzylbromide 0.05 6.9 1.3 9.1 Diethyl phthalate >100% 1.1 n.i. >2000
4-phenylenediamine 0.11 26.8 5.0 438.9 Glycerol >100% 1.2 n.i. >2000
Glutaraldehyde 0.12 80.7 24.3 242.6 Propylene glycol >100% 1.2 n.i. >2000
Benzoyl peroxide 0.22 1.4 n.i. 567.6 Benzoic acid >20% 1.1 n.i. >2000
Glyoxal 0.75 28.2 89.1 677.9 1-Butanol >20% 1.1 n.i. >2000
4-Methylaminophenol sulphate 0.80 5.9 9.4 11.7 4-Hydroxybenzoic acid >25% 1.1 n.i. >2000
Formaldehyde 0.84 16.9 63.2 201.6 Sulfanilic acid >25% 1.3 n.i. >1000
Methyldibromo glutaronitrile 0.90 4.0 7.8 25.6 Tartaric acid >25% 1.2 n.i. >2000
Cinnamic aldehyde 1.3 16.2 16.1 194.4 Propylparaben >25% 9.7 14.5 813.1
2-Hydroxyethyl acrylate 1.4 54.9 32.3 207.2 Ethyl vanillin >50% 5.4 161.7 >2000
Isoeugenol 1.5 6.4 16.1 731.4 Isopropanol >50% 1.2 n.i. >2000
Ethylenediamine 2.2 13.2 99.9 >2000 Benzyl alcohol >50% 1.2 n.i. >2000
Benzylidene Acetone 2.2 503.9 9.7 174.5 Dimethylisophtalate NC 2.1 694.9 >2000
Methyl-2-nonynoate 2.5 33.1 1.8 121.9 Dextran NC 1.5 n.i. >2000
2-Mercaptobenzothiazole 2.5 8.8 48.1 1003.1 Tween 80 NC 2.7 19.3 399.8
Benzyl salicylate 2.9 5.5 8.4 111.0 Chlorobenzene Neg. 1.2 n.i. >2000
Tetramethylthiuramdisulfide 3.1 6.8 0.8 39.1 Lactic acid Neg. 1.3 n.i. >2000
Diethylenetriamine 3.3 1.7 1259.4 >2000 Phenol Neg. 1.3 n.i. >2000
Thioglycerol 3.5 1.5 n.i. >2000 Benzaldehyde >25 2.3 443.1 >2000
Phenylacetaldehyde 4.5 11.3 28.5 116.2 Octanoic acid >50 1.1 n.i. >2000
Resorcinol 5.9 1.0 n.i. >2000
Dihydroeugenol 6.8 1.5 462.0 759.2      ver.: Variable results
Benzoisothiazolione 7.8 24.0 3.2 50.9      NC: Level not specified
Citral 9.8 96.4 23.2 182.8
Hexyl cinnamic aldehyde 9.9 2.7 17.3 26.3  
Eugenol 10.1 1.3 n.i. 1505.7  
Abietic acid 11.6 11.4 16.6 104.6
Phenyl benzoate 13.6 1.3 n.i. 191.6
Lyral HMPCC 17.1 16.1 79.6 355.4
Benzocaine 17.1 3.0 18.2 >2000
Benzyl cinnamate 18.4 8.7 11.0 >2000
2,4-Dichloronitrobenzene 20.0 2.9 68.3 816.0
Cinnamyl alcohol 21.0 1.7 123.6 774.6
Hydroxycitronellal 23.0 137.1 79.4 >2000
Imidazolidinyl urea 24.0 2.9 45.4 90.4
Butyl glycidyl ether 30.9 340.7 218.5 >2000
Ethylene glycol dimethacrylate 32.9 188.4 57.4 1655.8
Cobalt chloride Pos. 23.3 298.6 1330.2
Nickel sulfate var. 4.2 329.0 998.7

KeratinoSens results

     Neg: Negative reference according to D. Basketter. Food Chem. Toxicol. 37, 1167-1174

     n.i.: no significant induction above threshold

Chemical Name LLNA EC3
KeratinoSens results

Chemical Name LLNA EC3
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42 3

 

EURL ECVAM LLNA ) 77 155/201

78 71/91 76 84/110 Natsch 6) 145

77%, 79%, 72%

-

 

2000 μM

1000 μM

 

 

8.  

ARE-Nrf2 Luciferase Test Method

Nrf2-Keap1-ARE pathway

 

LLNA 1/7 in vitro

KeratinoSensTM Givaudan

 

5 1

GHS 1B

85

80

GHS 1A

11 GHS 1B

4  

100 76.7 77

82.1% 79%

 

2000 μM
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KeratinoSensTM

LLNA  
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